including type I IFNs 20, 24 . Two major types of DC are described, myeloid DC (mDC; also 88 called conventional DC) that play a crucial role in antigen presentation but show rather 89 limited capacities in type I IFN production, and plasmacytoid DC (pDC) that can produce 90 large amounts of type I IFNs upon appropriate stimulation 3, 7, 8, 39 . Although most cell types 91 can produce type I IFN, pDC are the major type I IFN producers upon many different viral 92 infections and produce up to 100-to 1000-times more IFN than other cell types ( 
In vitro stimulation and quantification of cytokine production 169
For stimulation, in vitro differentiated DC were seeded at 1x10 6 cells/well in 24-well culture 170 plates in 1 ml medium. Only for VSV infections (Fig. 3C ), DC were seeded at 5x10 of THOV, highest virus titers were detected in liver (Fig. 1D) 11,14 . Compared to WT mice, in 226 livers of IFNAR -/-animals 10-fold increased virus load was detected already 24 hours after 227 infection; comparable virus levels were reached in WT animals at the time point they had to 228 be sacrificed (about 10 7 pfu/organ; Fig. 1D ). Interestingly, IFNAR -/-mice showed more than 229 100-fold higher virus titers in the spleen compared to WT mice that showed only low levels of 230 THOV(∆ML) replication in this organ (Fig. 1E) . Moreover, THOV(∆ML) could be detected 231 in the brain exclusively in IFNAR -/-mice (Fig. 1F ). This enhanced replication of 232 THOV(∆ML) might explain the strong and early systemic IFN synthesis in IFNAR -/-mice 233 (Fig. 1A and B) . Taken together, high levels of IFNs produced in WT animals are able to 234 decelerate viral replication and restrict viral tissue tropism but confer only limited protection 235 against fatal outcome of the infection. 236 237
Sustained type I IFN production upon THOV(∆ML) infection in vivo is dependent on IPS-1 238
We next wanted to gain insight into the molecular mechanism involved in sensing 239 THOV(∆ML) infection in vivo. Therefore, we infected WT mice, MyD88 and reached normal levels after 48 to 60 hours ( Fig. 2A) . Importantly, when IPS-1-deficient 245 mice were infected, animals mounted early IFN-α responses, whereas at later time points no 246 IFN-α was detected ( Fig. 2A) 
TRIF
-/-and IPS-1 -/-mice, respectively, promoted development of severe 262 disease of the animals (uniformly at 60 hours after infection) when compared to WT animals 263 that had to be sacrificed 72 hours after infection (Fig. 2C) 
Robust type I IFN expression by BM-mDC but not BM-pDC upon THOV(∆ML) infection in 273 vitro 274
It is well accepted that upon most viral infections pDC are the main source of type I IFNs and 275 are responsible for systemic type I IFN responses in vivo 8, 12, 39 . Surprisingly, upon 276
THOV(∆ML) infection, BM-mDC elicited robust IFN-α responses, whereas BM-pDC 277
produced only minor IFN-α levels (Fig. 3A) . Of note, both BM-mDC and BM-pDC were 278 successfully infected by THOV(∆ML) as indicated by RT-PCR amplification of transcripts of 279 THOV segment 5 (Fig. 3B) . Moreover, BM-pDC secreted IL-10 upon THOV(∆ML) infection 280 (data not shown), indicating that BM-pDC were susceptible for THOV(∆ML) infection. 281
Interestingly, in BM-mDC IFN-α levels were highest at the lowest moi tested (Fig. 3A) , most 282 probably due to cytopathic effects observed upon infection with moi 10 (data not shown). As 283 a control, the TLR9 ligand double-stranded CpG-containing oligonucleotide 2216 (CpG) was 284 used to induce IFN responses by BM-pDC but not by BM-mDC (Fig. 3A) . Infection with 285 ssRNA-encoded VSV or dsDNA-encoded modified vaccinia virus Ankara (MVA) confirmed 286 that BM-pDC but not BM-mDC were main type I IFN producers upon these viral infections 287 (Fig. 3C) as described previously 45, 46 . To further analyze conditions required for 288
THOV(∆ML)-mediated IFN production, cells were infected with virus irradiated with graded 289 dosages of UV light prior to infection. Reminiscent of the data obtained in vivo, IFN secretion 290 upon THOV(∆ML) infection was abrogated when UV-irradiated virus was used 291
demonstrating that viral replication was necessary for both IFN-α (Fig. 3D) and IFN-β (Fig.  292   3E ) induction in BM-DC. Thus, we showed that upon infection with ssRNA-encoded 293 THOV(∆ML) BM-mDC, but not BM-pDC, are the main source for type I IFNs and that these 294 BM-mDC-derived IFN responses were critically dependent on viral replication. 295
296

Type I IFN production by BM-mDC upon THOV infection is dependent on IPS-1 297 As indicated in Figure 3, BM-mDC produced large amounts of type I IFN upon THOV(∆ML) 298 infection. To test whether the in vivo IPS-1 dependence of THOV(∆ML)-induced IFN-α is 299
also found in specialized DC subsets, BM-mDC and BM-pDC were generated from WT, 300 Here, we show that THOV(∆ML) infection in vivo induces a robust type I IFN response that 345 sustains until the experiments had to be discontinued at 72 hours after infection (Fig. 1A) . 346
Unexpectedly, strong IFN-α responses upon THOV(∆ML) infection were also detected in 347
IFNAR
-/-mice hence, in the absence of positive feedback amplification via the IFNAR (Fig.  348   1A) . It has been shown already that some viruses such as VSV or herpes simplex virus 2 or 349 artificial stimuli such as synthetic dsRNA pI:C can induce IFN-α responses in absence of the 350 IFNAR. However, in these studies levels induced in IFNAR -/-animals were reduced by more 351 than 50-times when compared to WT animals 4 . In particular for pDC, IFNAR-independent 352 type I IFN production was suggested 17, 21 . However, recent studies showed that also pDC use 353 the IFNAR feedback signaling for amplification of type I IFN secretion (reviewed in 39 ). 354
In our experimental setting, IFN-α levels induced in IFNAR-and IFN-β-deficient mice were 355 not reduced when compared to WT animals and showed no delay in time kinetics (Fig. 1A  356 and data not shown) possibly boosted by the enhanced virus replication in IFNAR -/-mice 357 (Fig. 1D) We found that the RLH-adaptor molecule IPS-1 is crucial for robust and sustained type I IFN 366 induction ( Fig. 2A and 4) show that BM-mDC account for main type I IFN responses upon THOV(∆ML) infection. By 371 using UV-irradiated and thus, replication-incompetent virus, we could show that for both 372 induction of IFN-α in vivo (Fig. 2B) and in vitro (Fig. 3D) 
TRIF
-/-mice ( Fig. 2A) . 379
Accordingly, IPS-1 -/-BM-mDC did not mount any IFN responses upon THOV(∆ML) 380 infection (Fig. 4) . By now, it is unclear which cell type accounts for this early IPS-1-381 independent, possibly TLR-dependent, response in vivo. Preliminary experiments show that 382 cells such as macrophages do not seem to play a major role since peritoneal exudate cells, 383 containing many macrophages, do not produce high levels of IFN upon THOV(∆ML) 384 stimulation in an IPS-1-independent manner. Moreover, IFN levels upon THOV(∆ML) 385 infection of total BM or total spleen cells were too low to clearly discriminate between IPS-1-386 competent and -deficient preparations (data not shown). 387 Unexpectedly, our experiments using BM-derived DC subsets clearly indicated that BM-388 mDC but not BM-pDC were the main type I IFN producing cell type upon THOV(∆ML) 389 infection (Fig. 3A) . We and others showed that mDC can produce IFN upon viral infection, 390 mainly after infections with attenuated viruses such as MVA 45 , VSV-M2 46 , and LCMV 391 clone 13 10 . However, upon viral infections to our knowledge, IFN levels secreted by mDC 392 were significantly below those secreted by pDC (also reviewed in 12 ). 393
394
In the present study, we used THOV devoid of the ML open reading frame. THOV-encoded 395 ML protein was shown to suppress activation of an IFN-β reporter construct und thus was 396 described as a potent IFN antagonist 13 . Of note, we used both THOV variants, THOV(∆ML) 397 and THOV encoding ML, and both were able to induce IFN responses by BM-mDC in an 398 IPS-1-dependent manner (data not shown). Levels of IFN induced by BM-mDCs were 399 comparable when infected with these two viruses indicating that BM-mDC might have 400 developed strategies to circumvent viral escape mediated by the ML protein which is effective 401 in other cell types such as fibroblasts or pDC 6 . Recent studies suggest the involvement of the 402 TFIIB transcription factor in the ML-mediated suppression of IFN induction 43 . A unique 403 transcription factor repertoire and its involvement in IFN expression by mDC might represent 404 a possible mechanism to circumvent viral escape as mediated by ML. 405
406
We observed some protective capacity of type I IFNs in vivo since block of IFN signaling in 407
IFNAR
-/-mice strongly decreased survival of the animals (Fig. 1C) . Additionally, IFN 408 expression contributed to decelerate viral replication and to limited viral spread (Fig. 1D-F) . 409
Of note, we used naturally Mx1-deficient mouse strains in our study to investigate 
